This section deals with quantities relevant to microdosimetry. Basic quantities and their distributions are defined in Report 33 (lCRU, 1980). The current report introduces, in addition, specialized quantities relevant to recent developments in microdosimetry. Numerical relations between microdosimetric quantities and between relevant units are listed in Appendix A.
Dermitions
Only those definitions that are central to microdosimetry are included in this subsection and no attempt has been made to give a comprehensive list of all possible related definitions.
Among the dermitions set out in Report 33 (ICRU, 1980) , the principal quantities used for microdosimetric purposes are energy imparted and other stochastic quantities related to energy imparted, as well as their expectation values. The elementary quantity in this report is the energy deposit. (i> which is needed for the description of the inchoate spatial distribution of energy in charged-particle tracks.
Definition 1:
. .
The energy deposit, (it is the energy deposited m a single interaction, i: (2.1) where Tin = the energy of the incident ionizing I particle (exclusive of rest mass). Tout = the sum of the energies of all ionizing particles leaving the interaction (exclusive of rest mass). Ql>m = the changes of the rest mass energy of the atom and all particles involved in the interaction (Ql>m > 0: decrease of rest mass; Ql>m < 0: increase of rest mass). The unit of (j is the joule (J); (i may also be expressed in the unit eV.
1 In accordance with ICRU Report 33, ionizing particles are taken to be charged or uncharged particles capable of ionization in primary or secondary interactions. The choice of a suitable energy cutoff, below which particles are considered as nonionizing will depend on circumstances.
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Notes: (a) (j is a stochastic quantity. (b) (j may be considered as the energy deposited at the point of interaction, if quantum mechanical uncertainties and collective effects (e.g., plasmons and phonons) are neglected. The point of interaction is also called the transfer point. (c) It is useful to consider a particular summation ofthe energy deposits in the track j of a charged particle of specified type and energy:
(2.2)
where i runs over all energy transfer points of the track and k runs over all transfer points within a distance up to x from the transfer point, 11. 1 j (x) is a function of the distance, x, which reflects the proximity of the transfer points of the track j, where j runs over all n tracks in the selected volume. The expectation value of Tj(x) is the integral proximity function, T(x).
The integral proximity function, T(x), is a weighted mean energy imparted to a spherical volume of radius x, centered at an arbitrary transfer point of an arbitrary track. (d) t(x) is the derivative of T(x) with respect to x. It is called the differential proximity function.
Definition 2:
The energy imparted, E, to the matter in a volume is (2.4) where the summation is performed over all energy deposits, t"j, in that volume. The unit of (is the joule (J). ( may also be expressed in terms of e V. Notes: (a) t" is a stochastic quantity. (b) The energy deposits over which the summation is performed may be due to one or more energy deposition events, i.e., due to one or more statistically independent particle tracks.
Definition 3:
The specific energy (imparted), Z, is the quotient of t" by m, where (is the energy imparted by ionizing radiation to matter of mass m. The unit of z is the joule per kilogram (J kg-I). The special name for the unit of specific energy is the gray (Gy).
For further information on numerical relationships between some quantities of interest here see Appendix Notes:
(a) z is a stochastic quantity. It is useful to consider the probability distribution of z. The value of the distribution function, F(z), is the probability that the specific energy is equal to or less than z. The probability density, f(z), is the derivative of F(z) with respect to z: is called mean specific energy. Z is a non-stochastic quantity. (b) Specific energy may be due to one or more energy deposition events. The distribution function of the specific energy deposited in a single event, F1(z), is the conditional probability that a specific energy less than or equal to z is deposited if one event has occurred. The probability density, It (z), is the derivative of F1(z) with respect to z:
It is also called the single event distribution of z.
The expectation value, The mean number of energy deposition events per
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unit absorbed dose is called the event frequency, <1>*(0). <1>*(0) = n = 1. Z D zFD
(2.12) <1>*(0) "'" I/ZF, ifz "' " D, as is usually the case 2 • (d) It is useful to consider also the dose distribution of z per energy deposition event. Let D 1 (z) be the fraction of absorbed dose per event delivered by energy deposition events of specific energy less than or equal to z. The dose probability density, d l (z) , is the derivative of D 1 (z) with respect to z:
(2.13)
The expectation value,
is called the dose-mean specific energy per event.
zn is a non-stochastic quantity. The relation between d1(z) and ft(z) and between zn and ZF is: (e) zn may also be derived using the differential proximity function, t (x). For a randomly oriented volume or for an arbitrary volume in an isotropic field,
where s(x) dx is equal to the volume ofthe domain of interest that is contained in a spherical shell of radius x and thickness dx centered at a point randomly chosen in the domain of interest, and m is the mass of the domain. For a spherical volume of radius r this is:
(2.18) and s(x) = 0 for x> 2r.
(f) The variance, 0;, of the specific energy, Z, is related to ZD. The relative variance of z is Vrel: (2.19) with Z = D, one has Vrel = zD/D.
(g) It is sometimes convenient to use the distributions fl(f) and dl(t) of the energy imparted. Since f= zm (Equation 2.5), these distributions are analogous to h(z) and d 1 (z), respectively.
Definition 4:
The lineal energy, y, is the quotient of f hy I, where f is the energy imparted to the matter in a volume by a single energy-deposition event and 1 is the mean chord length in that volume:
The unit of lineal energy, y, is the joule per meter (J m -1), but most commonly, the unit used for this quantity is keV p,m-1 . For further units see Appendix A.
Notes: (a) The mean chord length in a volume is the mean length of randomly oriented chords in that volume.
For a convex body, 1 = 4 Via, where Visthevolume and a is the surface area of this body. (b) The lineal energy, y, is a stochastic quantity. It is useful to consider the distribution function of y.
The value of the distribution function, F(y), is the probability that the lineal energy is equal to or less thany. The probability density f(Y), is the derivative of F(y) with respect to y:
It is also called lineal energy distribution. It is important to keep in mind that y is defined for single energy-deposition events only. 
